The Horizon 2020 interim evaluation (2017) indicates a steep increase in citizen engagement in European Union Citizen Science (CS) projects, with less than 1% in budgetary terms and minimal influence. Research findings attribute weak CS influence to the restriction of citizen actions to data collection, with minimal or no engagement in co-design, co-creation, data analysis, and elucidation of results. We design a participatory GIS and CS methodology aimed at engaging the citizens in the entire Earth Observation (EO) project cycle. The methodology also seeks to address previous CS project challenges related to data quality, data interoperability, citizen-motivation, and participation. We draw the high-level requirements from the SENDAI framework of action and the three pillars of active citizen engagement, as enshrined in Principle 10 of the Rio Declaration and the Aarhus Convention. The primary input of the methodology is the Haklay (2018) approach for participatory mapping and CS, and the Reed (2009) stakeholder analysis framework. The proposed methodology comprises of three main parts: system analysis, stakeholder analysis, and a six-step methodology. We designed the six-step methodology using an iterative and flexible approach, to take account of unforeseen changes. Future research will focus on implementing the methodology and evaluating its effectiveness in the Solotvyno Saltmine case study in Ukraine.
A significant milestone in strengthening risk governance was the adoption of an action-oriented and targeted DRR framework, during the Third World Conference on DRR, held in Sendai, Japan on 14 to 18 March 2015 [1] [2] [3] [4] . The 2015-2030 Sendai Framework for Disaster Risk Reduction (SFDRR) [3] , which is a successor of the Hyogo Framework for Action 2005-2015 [4] , introduces the element of risk in disaster management [3] , (p. 5). The Sendai Framework recognizes that stakeholders have an active role in disaster risk management. It recommends measures to increase accountability and strengthen risk governance. The basis of the Sendai Framework is four key priorities: (1) Understanding disaster risk [3] , (p. 14); (2) "Strengthening disaster risk governance, to manage disaster risks" [3] , (p. 17); (3) "Investing in disaster risk reduction for resilience" [3] , (p. 18); and (4) "Enhancing disaster preparedness for effective response, and to 'Build Back Better' in recovery, rehabilitation, and reconstruction" [3] , (p. 21) .
In furtherance of the SENDAI framework's priority 4, the European Union Civil Protection Mechanism (EUCPM) initiated the ImProDiReT (Improving Disaster Risk Reduction in Transcarpathia, Ukraine) project. The ImProDiReT project seeks to use innovative Earth Observation (EO) technologies to strengthen disaster risk governance in the Transcarpathian region, Ukraine (see project details in
Citizen Science in Research and Innovation (R&I)
In the mid-1990s, CS gained traction and there was a steep increase in the CS projects and research studies [1, 5, 35, 37, 56] . Additionally, there was a drastic rise in publications on CS generally and specifically in the EO domain. Based on a SCOPUS search result conducted on 12 November 2018, there were 306 publications for "earth observation" AND" citizen science" and 2882 for "citizen science," between 2008 and 2018.
In 2008, only 20 articles were published under the "citizen science" group in comparison to 2017, where 650 articles were published. There was only one article published under the "earth observation" AND "citizen science" domain in 2008 compared to 2017, where 78 articles were published. Google Scholar has more research output, based on a search conducted on 12 November 2018. For the date range 2008-2018. There were 20,500 articles for "citizen science" and 547 publications for "citizen science" AND "earth observations".
The enormous difference between "citizen science" and "citizen science" in "earth observations" search results, indicates that CS in the domain of EO is small compared to other CS research and innovation (R&I) initiatives. Earth and Planetary studies are only 6.4% of the overall CS documents. The main EO subject areas are Environmental Science (22.7%), Agricultural and Biological Sciences (18.3%), Earth and Planetary Sciences (17.6%), and Social Sciences (10.9%).
CS Projects Providing Useful Data for EO
A typical CS project comprises the input-process-output policy model [57] . In most of the CS projects, the citizens are engaged at the input level [42] . Thus, they provide relevant input for EO Remote Sens. 2018, 10, 1828 5 of 30 remote-sensed data and imagery [36] . Fritz et al. (2017) conducted an extensive review of CS projects that are providing relevant input and in situ data for EO projects. Figure 1 is an illustration of the projects, classified under 23 groups based on the data collected [36] , (pp. [3] [4] .
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According to Fritz et al. (2017) , only 27 percent of the citizens are engaged beyond the input level, in co-creation, decision-making, monitoring, and evaluation. A high proportion of the projects involved the use of citizens as collectors of in situ data (83 percent) . For instance, the Public Laboratory for Balloon & Kite Mapping (https://publiclab.org/wiki/stories) was established in 2010 after the Gulf of Mexico Oil Disaster. During the disaster, the citizens had no access to relevant data. However, they could see the damage the oil was causing on their environment. Through the laboratory, citizens collected over 100,000 aerial images using balloons and kites. Afterward, the maps were integrated into Google Earth. Thus, citizens were used as data collectors, to increase visibility on the oil disaster. Unfortunately, most CS projects barely engage citizens in the entire input-process-output policy process, leading to the weak integration of CS in policy and practice.
We will draw lessons learned from the Fritz et al. (2017) report and some of the ongoing and concluded CS projects listed in Figure 1 . The methodology will focus on a CS platform that utilizes both online and field-based data collection methods. Also, based on the CS projects, lessons will be drawn on what needs to be improved and what to avoid. In the following section, we discuss the methods employed to develop the methodology.
The Case Study: Solotvyno Salt Mines

Land Subsidence in Solotvyno Saltmine Village
Solotvyno (Ukrainian: Coлoтвинo) means salt, named after the salt mines that are at the center of Solotvyno village ( Figure 2 ) [58] . Solotvyno is situated in the Tyachev district of the Transcarpathian region (Zakarpattia Oblast) of Ukraine, closer to the Romanian border and on the right bank of River Tirza (Figure 2 ). The village is densely populated with about 300 houses [58] . According to Fritz et al. (2017) , only 27 percent of the citizens are engaged beyond the input level, in co-creation, decision-making, monitoring, and evaluation. A high proportion of the projects involved the use of citizens as collectors of in situ data (83 percent) . For instance, the Public Laboratory for Balloon & Kite Mapping (https://publiclab.org/wiki/stories) was established in 2010 after the Gulf of Mexico Oil Disaster. During the disaster, the citizens had no access to relevant data. However, they could see the damage the oil was causing on their environment. Through the laboratory, citizens collected over 100,000 aerial images using balloons and kites. Afterward, the maps were integrated into Google Earth. Thus, citizens were used as data collectors, to increase visibility on the oil disaster. Unfortunately, most CS projects barely engage citizens in the entire input-process-output policy process, leading to the weak integration of CS in policy and practice.
The Case Study: Solotvyno Salt Mines
Land Subsidence in Solotvyno Saltmine Village
Solotvyno (Ukrainian: Солотвино) means salt, named after the salt mines that are at the center of Solotvyno village ( Figure 2 ) [58] . Solotvyno is situated in the Tyachev district of the Transcarpathian region (Zakarpattia Oblast) of Ukraine, closer to the Romanian border and on the right bank of River Tirza (Figure 2 ). The village is densely populated with about 300 houses [58] . The images of Solotvyno. The first image is the map of Solotvyno. The second image is a schematic geological-structural section (natural base for groundwater movement and karst cones subsidence development). From the schematic geological-structural section, Mine 7, 8, and 9, are represented. The zones of weakness are indicated, where the removal of the protective clay layer during salt exploitation led to the filtration of freshwater into the salt dome and flooding of the salt mines. We derived the second image from the Institute of Geological Sciences-National Academy of Sciences of Ukraine (IGS NASU). The third image is an illustration of one of the salt lakes, created when the salt mines subsided and collapsed. The last picture is a portion of the recreation center in Solotvino-solná jezera; it is crowded with approximately 3000 tourists in the summer season, every year [58, 59] . The tourists come to Solotvyno for recreation and healing from the salt lakes. The salt lakes developed when the mines were flooded.
Many mega-annums (Ma) ago, the Carpathian sea was situated in Solotvyno, leaving behind kilometers of high-quality salt. The mining of salt deposits has been ongoing since the 1790s [60] . Inside the mines were large chambers; one such underground compartment was 20 m deep and 60 m high and used for music production [61] . In one of the chambers was the largest allergological hospital. The hospital started operating in 1976 [62] . Studies indicate that the hospital's bacterium-free microclimate (comprised of saturated salt) treated approximately 95 percent of children and 85 percent of adults [60, 62] .
The slow geological salt-formation process remained uninterrupted when there was clay protecting the upper part of the salt-dome. The natural procedure of salt transforming into plastic parameters and becoming soft and then moving to the surface is protracted and not hazardous. It takes a few million years for the salt to move to the surface due to pressure. The slow movement establishes an equilibrium, thus not disrupting the earth's surface [63] .
During salt exploitation of the upper part of the salt-dome, the mining company removed the protective clay layer, as illustrated in Figure 2 . Consequently, water began to filter into the galleries, thereby dissolving the salt materials. The salt dissolved, leading to the active upward mobility of the salt solution to the surface. As a result, there was a karst technogenic reaction leading to subsidence in the peripheral part of the salt mines and the collapse of the central region. The process of karst removal and subsidence has been going on for many years [64] .
The flooding of the mines began in 1908, leading to the formation of Lake Cunegunda [60] . After that, more salt lakes were formed ( Figure 2 ). There were dozens of pump stations removing the water from the mines into Tirza river to reduce the occurrence of a disaster due to the presence of freshwater resources close to the salt dome. Also, the mines that were found to be unviable (economically) were filled and closed. After the downfall of the Soviet Union, the mines came under a new governance mechanism. With the new government, there was less allocation of money to manage water in the mines. Therefore, the pumping of water out of the mines including repairs and maintenance was stalled [61] . The mines flooded in 1998 and the water slowly moved into the cavities, dissolving the salt and the land slowly subsided. By 2000, the ground collapsed, and after that there was subsequent land subsidence. In 2005, one house and eight cottages collapsed [60] . The images of Solotvyno. The first image is the map of Solotvyno. The second image is a schematic geological-structural section (natural base for groundwater movement and karst cones subsidence development). From the schematic geological-structural section, Mine 7, 8, and 9, are represented. The zones of weakness are indicated, where the removal of the protective clay layer during salt exploitation led to the filtration of freshwater into the salt dome and flooding of the salt mines. We derived the second image from the Institute of Geological Sciences-National Academy of Sciences of Ukraine (IGS NASU). The third image is an illustration of one of the salt lakes, created when the salt mines subsided and collapsed. The last picture is a portion of the recreation center in Solotvino-solná jezera; it is crowded with approximately 3000 tourists in the summer season, every year [58, 59] . The tourists come to Solotvyno for recreation and healing from the salt lakes. The salt lakes developed when the mines were flooded.
The flooding of the mines began in 1908, leading to the formation of Lake Cunegunda [60] . After that, more salt lakes were formed ( Figure 2 ). There were dozens of pump stations removing the water from the mines into Tirza river to reduce the occurrence of a disaster due to the presence of freshwater resources close to the salt dome. Also, the mines that were found to be unviable (economically) were filled and closed. After the downfall of the Soviet Union, the mines came under a new governance mechanism. With the new government, there was less allocation of money to manage water in the mines. Therefore, the pumping of water out of the mines including repairs and maintenance was stalled [61] . The mines flooded in 1998 and the water slowly moved into the cavities, dissolving the salt and the land slowly subsided. By 2000, the ground collapsed, and after that there was subsequent land subsidence. In 2005, one house and eight cottages collapsed [60] .
In February 2008, a significant karstic hollow was formed (30-40 m) , leading to the closure of the mine 9, and Mine 8 was closed in 2010 [61] . Within the two years when the salt mine and factory were not operating, 600 people lost their jobs [60] . In addition, two underground allergological hospitals that focused on asthma treatment were closed [62] . Most of the Solotvyno residents lost their primary source of income [58, 61, 65] . With the land subsidence and salt mine collapse, exposure of the Solotvyno inhabitants and the tourists to the geological hazard and the increased levels of vulnerability became a significant issue of concern [66-68].
In December 2010, the situation related to these critical exogenic geological processes within the territory of Solotvyno salt mines was classified as an emergency by a decision of the Transcarpathian Regional State Administration. The village was also declared by the national State Emergencies Services (SES) to be at a critical point [66] . The expert report of the Ministry of Emergency Situations of Ukraine (No. 02-17292/165 dated from 9 December 2010), later approved the decision of the Transcarpathian Regional State Administration. The approval resulted in the announcement of an environmental disaster at the state level by the Ministry. Therefore, it is currently a high-security zone of national importance.
Complex Decision-Making Process
Being declared an emergency and a matter of national importance, the primary responsibility for the future of the village and the salt mines shifted to the central government. Only the central government can make decisions concerning the future of the Solotvyno mines, the residents, and economic activities in that place. As a consequence, the Head of the Regional State Administration of Transcarpathia (Governor) [67] , the Head of the Tyachiv District State Administration [68] , and the Mayor of Solotvyno Municipality [58] cannot make significant decisions regarding the future of Solotvyno. Their role is limited to urban planning, water treatment and distribution, waste management, and similar duties. Strategic decisions are vested with the central government that has constituted a Solotvyno working group that meets in Kiev, Ukraine. Despite having this working group, there is a lack of coordination of the socio/economic/environmental and safety issues. Also, at the state level, the state institution that was responsible for the mines is the one mandated to resolve the current problems in Solotvyno. The Ministry of Agrarian Policy and Food is the state institution that was responsible for the exploitation of the mines. Therefore, the same Ministry continues to receive money from the consolidated fund to address the Solotvyno crisis. The same Ministry is responsible for building the 133 homes and planning the relocation, and the ongoing liquidation and restoration of the mines. Both processes are at a standstill [58, 67, 68] .
This decision-making process is not only slow, but also disjointed and disempowering for the local authorities and the local communities. Unfortunately, most of the stakeholders' lack information on the ongoing activities and efforts to resolve the situation. The current governance system fails to respect the "principle of subsidiarity" that requires decision-making at the lowest, less centralized, and smallest competent authority. Therefore, in the case of Solotvyno salt mine, the municipality or another competent authority at the lowest level, rather than the Ministry of Agrarian Policy and Food, should have been given the power and budget to facilitate the relocation and liquidation process with the active participation of the central government, the Solotvyno residents, and other stakeholders.
Multiple and Competing Risk Perceptions
Vulnerability assessments, when faced with multiple, competing, and sometimes conflicting risk perceptions from a diverse group of stakeholders, are not straightforward [21] . Being a border town, Solotvyno is a highly complex social-technical system comprising of multi-ethnic, multi-religion, multi-national, and multi-lingual groups. Also, diverse competing interests need to be considered when strengthening risk governance in Solotvyno. Risk perception is different amongst different stakeholders [69] [70] [71] . One's opinion of the likelihood of the hazard occurring, the degree of exposure and extent of vulnerability mainly affects their overall understanding of the risk and the actions they Remote Sens. 2018, 10, 1828 9 of 30 will take to manage it [21] . For instance, in the case of the Solotvyno salt mines, land subsidence and collapse in a salt mining area is perceived by the modelers as a phenomenon that they can model and quantify to develop risk maps [72, 73] . However, vulnerability is not easy to model [74] .
To the head of the region, the safety of the people is a crucial concern, and there is a risk of not understanding what is ensuing beneath the surface of the earth, to inform decision-making [67, 68] . To this date, getting real-time information on the current status of the flooded mines is a significant challenge. Without this information, the current models based on available data are incomplete and not accurate. The water directorate is concerned about further flooding of the mines that would result in more land subsidence and collapse [73] . The concern of the State Ecological Inspection Department is salt-intrusion into land and rivers and unauthorized pumping of the brine [6] . The pumping of the brine is done with non-metered pumps, thus aggravating the data availability challenge. The PJSC "Girhimprom" (Mining Company), perceives it as an incident that requires immediate actions to minimize the loses and reduce responsibility [75] . The former miners lost their jobs and fear the continued flooding and subsidence of the mines may diminish future job opportunities for miners in Solotvyno [61] . Developing a business case for future investment in the mine is a significant challenge. For the state authority that authorized the corporate action, their perception of the risk is the likelihood of minimizing event occurrence through liquidation and closure [76] . The local government perceives the risk as an information gap that needs to be filled to enable them to make better decisions on whether or not to relocate the people away from the high-risk zones [58] . The State Emergency Services perceives a governance problem; they may not be informed on time to be able to facilitate the movement of persons at high risk to safer places [66] . The companies in the recreation center face the risk of bad publicity that might damage their business or even lead to business closure [59] . The school directors and teachers face the risk of not preparing their students for the disaster risks through their safety training [77, 78] . The religious leaders face the risk of most of their parishioners leaving the village in search of a safer place, losing jobs, and not being able to meet their basic physical needs [65] . The citizens with deformed houses face the risk of their homes collapsing, leading to further damage or even loss of life. They also face the risk of not being compensated for the deformed or collapsed homes [79] . Regrettably, for the local citizen, the risk is an incidence that they are required to confront and manage on a daily basis [80] . In doing so, they have to avoid the regions that are subsiding and take extra precautions to reduce risk incidence.
The EO scientists need to be cognizant of local knowledge on risk perception and the management of risks to develop the appropriate decision support tools. Due to the multitude range of risk perceptions, there is a wealth of local knowledge on how the various stakeholder groups are coping, adapting, or managing the risks. The local knowledge is a collection of facts about the characteristics of the hazard, its frequency, and the changes that have been happening in their environment due to the hazard. With a rich historical understanding of the hazard, the local people have established formal and informal mechanisms to cope with the hazard. These mechanisms need to be known and understood by the EO scientists, to be able to support the community in developing DRR tools to complement the existing ones, with the aim of managing the risk and reducing vulnerability [21] .
Previous Attempts to Address the Challenges
Development of Risk Maps to Identify the High, Moderate, and Low-Risk Zones
Access to environmental information is a fundamental right for every citizen according to the Aarhus Convention. Most ecological decisions require sufficient knowledge of the situation for informed decision making. Understanding the level of geological risk, in the case of Solotvyno, is critical for informed decision-making.
There are existing studies and risk maps for Solotvyno (see Figure 3 ). The existing maps provide a wealth of information that is relevant to DRR in Solotvyno. The Solotvyno maps play a critical role in the decision-making process. The maps are not accessible in a form that is easily understood by all the Solotvyno village residents [77] . The recent Copernicus Emergency Management Service digital maps ( Figure 3 ) are not accessible to the local community in a format that the community can understand. They are online and most of the population do not have regular access to the internet. The reports are too technical, written in English, and not written for Solotvyno local community as the target audience. Also, the purchasing of most of the digital maps is not affordable for most institutions and citizens.
Relocation from Solotvyno to Tereblya
When the Solotvyno mining company could not rescue the salt mines and the situation was critical, risk maps were developed to identify high-risk zones [58] . To relocate the 133 families from the high-risk zones, the Ukrainian Government built 133 (116 flats and 17 houses) for the Solotvyno residents in the village in Tereblya. The Ukrainian government constructed a school. Thirty-five to forty families took keys, went and looked at the houses, and returned [80] . Only 11 of the Solotvyno residents currently live in Tereblya [68] . Some people, especially families whose homes have serious cracks, were ready to move to Tereblya after receiving the keys. They did not move because there was no clarity on who owns the new homes [79] . Others refused to move because the building was not constructed to take account of the complexity of Solotvyno. In Solotvyno, the Romanian houses are mansions, and the Czech houses are small and sturdy. The new dwellings failed to capture the opulence of Romanian homes nor the strength of Czech houses. One of the Solotvyno residents from Czech origin refused to move because they did not feel safe in a house with fragile walls [80] .
Most of the Solotvyno residents refused to move. The main reason for people's refusal to relocate was the distance between Tereblya and Solotvyno. It was too far [58, 67, 68] . Some Solotvyno residents did not want to relocate far away from the land of the ancestors; one resident stated that he wants to be buried where his family was buried [77] . Others were too old to relocate [58] .
Even though Tereblya is a salt village, the salt quality is perceived to be lower than Solotvyno [62] . Also, there were no or poor amenities in the new houses (water, electricity, and wiring) [65, 80] . Most of the residents did not know how they would earn a living in a new environment because they had fewer business opportunities [66] . The Solotvyno residents are entrepreneurs and would like to live in a place that demonstrates a business case for earning sufficient income. Tereblya village did not seem to present such an opportunity [65] . Solotvyno is a border town, and thus most of the resident's livelihood is based on the cross-border trade opportunities [66] . Tereblya is not a border town, with no income opportunities for cross-border traders. Also, with the collapse of the The recent Copernicus Emergency Management Service digital maps ( Figure 3 ) are not accessible to the local community in a format that the community can understand. They are online and most of the population do not have regular access to the internet. The reports are too technical, written in English, and not written for Solotvyno local community as the target audience. Also, the purchasing of most of the digital maps is not affordable for most institutions and citizens.
Even though Tereblya is a salt village, the salt quality is perceived to be lower than Solotvyno [62] . Also, there were no or poor amenities in the new houses (water, electricity, and wiring) [65, 80] . Most of the residents did not know how they would earn a living in a new environment because they had fewer business opportunities [66] . The Solotvyno residents are entrepreneurs and would like to live in a place that demonstrates a business case for earning sufficient income. Tereblya village did not seem to present such an opportunity [65] . Solotvyno is a border town, and thus most of the resident's livelihood is based on the cross-border trade opportunities [66] . Tereblya is not a border town, with no income opportunities for cross-border traders. Also, with the collapse of the mines, salt lakes were formed that have been a significant source of income for the Solotvyno residents during the summer seasons [58, 59] . This opportunity is not available in Tereblya [81] .
Solotvyno is a complex socio-technical system because it consists of multiple nationalities, languages, and religions. Moving to Tereblya village would mean moving to an environment where only Ukrainians reside [58] . The school constructed did not take account of the complexity of Solotvyno town nor reflect the village diversity. Solotvyno consists of diverse backgrounds, cultures, religions, and languages, and multiple schooling systems (Hungarian, Romanian, and Ukrainian schools) with different languages of instruction. The construction of one school in Tereblya took no consideration of the existing social dynamics and complexity [77, 78] . Religious multiplicity was also not addressed. Most of the Solotvyno inhabitants are highly religious. They were not sure which sacred places they would join in Tereblya village. Even though Solovyno is a small town, it has numerous opportunities for the multi-religious community [65] .
Liquidation of the PJSC "Girhimprom" (Mining Company)
In addition to the relocation challenge, Solotvyno is facing a prolonged liquidation process. The process of liquidation and restoration of the mines stalled due to lack of funds and changes in prices that need to be adjusted. The State Enterprise Solerudlikvidacija is the company mandated to undertake liquidation of the mines, under the leadership of the Ministry of Agrarian Policy and Food. The State Enterprise Solerudlikvidacija does not have the money to remove the objects (mining shafts and other mining objects) [58, 68, 75, 76] .
In the meantime, PJSC "Girhimprom" (Mining Company under liquidation) is still operational, though mining has stopped. PJSC "Girhimprom" (Mining Company under liquidation) license for the business community to pump the brine from the salt lakes is still valid. Also, a 20-year license has been issued to construct a Speleocenter in Solotvyno by the Solotvyno Spa Speleocenter. Under the permit, Solotvyno Spa Speleocenter has undertaken to restore the environment and stop the further degradation of the land around the mines [82] .
The field assessment conducted on 10 August 2018, concluded that the salt mine area is further deteriorating, in comparison to the EUCPM Advisory Mission in 2016 observations and the subsequent Risk Assessment report. The mission team noted that the salt lakes had become larger and steeper. There was also further subsidence of the land around the mines [81] .
The Methodology: Solotvyno Participatory GIS and CS
High-Level Requirements for Risk Mapping and CS
We derived the high-level requirements for PGIS and CS from Principle 10 of the Rio Declaration on Environment and Development [31] , Aarhus convention (UNECE 1998) [32] [33] [34] , and the SENDAI Framework priorities and global targets. As noted earlier, the three pillars enshrined in Principle 10 of the Rio Declaration on Environment and Development [31] , and Aarhus convention (UNECE 1998) [32] [33] [34] emphasize the need to ensure that citizens:
have access to environmental information (priority 1 and 2 of the SENDAI Framework); 2.
can participate in decision-making (priority 1, 2 and 3 of the SENDAI Framework); and 3.
have access to environmental justice (priority 2 of the SENDAI Framework).
Environmental justice refers to the ability to seek redress for an infringement of a citizen's ecological rights. During the mission to Solotvyno in August 2018, we interviewed a father and son in Solotvyno living near the sinkholes, on Solna street. According to previous maps, that were used to determine the 133 families targeted for relocation to Tereblya, this father and son's home was not identified to be in the high-risk zone. However, after a short while, their houses were severely deformed. They sought redress from the local, district, and regional administration, only to be disappointed. Everyone referred them to the Ministry of Agrarian Policy and Food. The Ministry of Agrarian Policy and Food is based in Kiev, Ukraine and it would take 12-18 h by train. Also, they would not know whom to contact in the Ministry, because the Ministry is big and deals with many matters. Finally, the father and son gave up their search for environmental justice for the severe house deformations [79] . The CS platform will not only focus on providing citizens with the information they need to make informed decisions but will also create a "One-Stop-Shop" where citizens can easily contact the responsible authorities and seek environmental justice or reparations for the damages suffered as a result of ecological actions of the respective institution. The CS will also support governmental actions by making all the information public and open to avoid the previous instances of double or triple reparations for the same damage. Moreover, within the CS, there will be environmental, civil society organizations who can advocate for policy reforms to improve and strengthen disaster risk governance [83] .
Furthermore, ecological justice claims require the citizens to be better prepared in problem framing and deriving joint solutions [84] [85] [86] [87] . The CS platform will provide them with the participatory process of gathering evidence through PGIS and the mutual risk evaluation and collective decision-making [88] .
The design of the methodology is based on the following SENDAI global targets:
1.
Substantially reduce global disaster mortality by 2030-Disaster-based mortality is increasing as the buildings continue to be deformed, flooding is still in the mines, the land subsides.
To substantially reduce mortality, the high-risk areas need to be identified as soon as possible through risk mapping and joint risk evaluation. After that, a decision needs to be made to treat the risks in cooperation with the community.
2.
Substantially reduce the global number of affected persons by 2030-There are approximately 300 houses in Solotvyno. In every home, there are about four persons. Therefore, 1200 persons may be in danger. Also, during the summer holidays, the number drastically increases due to the significant number of tourists living in the recreation centers and people's homes. The risk maps should indicate the persons at risk. The risk evaluation approach should zone the different areas in the village based on the level of risk. The joint decision-making approach should enable the various stakeholders to make collective decisions aimed at substantially reducing the number of affected persons.
3.
Substantially reduce direct disaster-induced economic loss about the global gross domestic product (GDP) by 2030-If all the 300 homes, offices, and the recreation center are at risk then the economic losses to the community, businesses, and local administration are enormous. There are many other direct losses (jobs, income from the mines, income from the hospitals, income from the recreation centers and many other forms of economic losses). The CS should facilitate the joint evaluation of these risks and the development of collective action plans and investment matrix to substantially reduce the disaster-induced financial losses.
4.
Substantially reduce critical infrastructure disaster-induced damage and the disruption of essential services, among them health and educational facilities-Hospitals, schools, engineering systems, and water supply systems may be destroyed, deformed, and be more unstable. The CS should facilitate the joint evaluation of these risks and the development of collective action plans and investment matrix to substantially reduce disaster-induced damage to critical infrastructure and disruption of essential services, including health and educational facilities.
Schematic Representation of the Methodology
We developed the current methodology based on interviews conducted in Kiev, Uzhhorod, and Solotvyno on Monday, 16 July 2018, to Friday, 10 August 2018, under the ImProDiReT project (Appendix B). This methodology will guide the environmental justice process and the design of a platform known as iSOLOTVYNO, for the Solotvyno municipality. The objective of iSOLOTVYNO is to facilitate the development of a common understanding of the geological risks and the local environmental justice issues related to the salt mines and provide support in the development of a local action plan and investment matrix. Two methodological frameworks guided the development of the methodology (Figure 4) . First, the Reed (2009) schematic representation of the critical steps for stakeholder analysis [54] , (p. 1947). The socio-technical system in Solotvyno is complex. There is a need for a thorough stakeholder analysis to be able to develop a more detailed map to support the CS and PGIS work. Second, Haklay (2018, p. 3) has developed a methodology used for PGIS and CS [41] . We adopted the methodology with a few adjustments because it is relevant to the current project. The focus of the methodology is to develop a PGIS and CS platform that would enhance local capacity to understand better the risks they face, avail relevant information in a format they comprehend, and help prepare them to communicate and seek solutions for the environmental justice issues affecting them.
The methodology entails three significant phases (Figure 4) . First, we will analyze the Solotvyno socio-technical system to guide the design of the platform. Second, we will conduct a detailed stakeholder analysis. Finally, we will implement a six-step methodology to implement PGIS and CS in Solotvyno.
System Analysis
Systems analysis is essential for the design of the PGIS and CS online joint decision-making web tool. The objective of the study is to ensure that there is a match between the analysis and the subsequent design. We would like to avoid mismatches that would affect the quality of the design and lead to failure.
We will use the structured development technique to ensure that various software developers have sufficient knowledge of the system under analysis regarding inputs, functions, processes, and outputs. All developers of the PGIS and CS system will use the same terminology to facilitate the eventual development of a coherent toolbox for the joint decision-making platform. The structured development systems technique will help to streamline the inputs, processes, functions, and outputs of all the ImProDiReT developers.
During the systems analysis process, emphasis will be placed on the requirements analysis, because it is a critical stage in the development of an information system. The design of the online platform will be based on the initial requirements elicitation outputs and refined through an iterative process. The system analysis will adopt the requirements-driven information systems engineering approach, selected in the Tropos project [89] . The methodology comprises of four phases:
1.
Early requirements elicitation. This stage has already begun and scheduled for conclusion during the first DRR platform meeting. In this step, the designers seek to understand the problem and understand the institutional set-up. At the end of this phase, there will be a problem and institutional analysis which will include the actors who are relevant to the Solotvyno salt mine project, their respective goals, and interdependencies. Implementation of this phase is in tandem with the detailed stakeholder analysis for Solotvyno municipality.
2.
Late requirements elicitation. The second phase will involve the initial visioning of the "system-to-be." The description will be specific to the Solotvyno operational environment and include the qualities of the system and its requirements.
3.
Prototype design. In this phase, we will define the system's architecture in the form of a prototype. We will present the prototype to the stakeholders during the Solotvyno DRR platform meetings. 4.
Detailed design. The detailed design of the joint online decision-making will take place in the final phase.
The detailed design will be presented in the final integration workshop (4th DRR Platform meeting) and applied to the local context. The results of its application will be discussed, evaluated and, if needed, refined. Once verified, the approach will be combined and integrated into a roadmap tailored to the Solotvyno case. 
Stakeholder Analysis
Based on the initial systems analysis that establishes the problem, the focus, and the system boundaries, the second phase is to undertake a detailed stakeholder analysis. The term stakeholder, for purposes of the analysis refers to people or groups of persons with a direct interest in the Solotvyno salt mine (have stakes) and also those may have or not have a direct interest but have the power to influence the decisions regarding the present condition and future of the mining area. The analysis will also assess the interactions between the stakeholders and possible opportunities for joint actions and decision-making.
We conducted the initial stakeholder mapping at the start of the ImProDiReT project. However, after the interviews, it became evident that some of the key stakeholders were not included in the list (for instance three new companies with 20-year licenses to mine in Solotvyno and their supporting institutions-actual mining companies and research institutions). Also, the initial scoping did not identify stakeholder stakes, differentiate between the categories of stakeholders, nor assess the power relationships. Therefore, the Reed (2009) approach will be used to improve the current stakeholder map for Solotvyno.
Due to budgetary constraints, part of the stakeholder analysis will adopt semi-participatory approaches [90] [91] [92] . To categorize the stakeholders and understand their inter-relationships, we will triangulate using literature review, focus groups, semi-structured interviews, and snowball sampling approaches. Literature review and the semi-structured interviews have already been conducted. We chose to use simpler methods because of the language complexities in the target population, the purpose of the analysis, and the skills and resources available. Specialist methodologies (for instance Social Network Analysis and Q methodology), are not appropriate because the number of stakeholders is not significant and implementation of specialist methodologies might be cumbersome and time-consuming.
Six-Step Methodology for Participatory GIS Risk Mapping and Citizen Science
Introduction to Existing Public Information
As described earlier, the methodology for PGIS and CS involves six steps, which are iterative and flexible. The main focus of step 1 is to introduce the community to the existing hazard and risk maps and discuss with the community what the risk maps mean, in their particular circumstance.
We will undertake step 1 at a convenient time for the community when all the interested members of the community are available. Since the collapse of the mine, most of the men left the village in search of work and typically come back during the summer holidays when there is work in the town. Also, the recreation centers may be fully operational during the summer season and dormant in the winter season. However, during the summer season, some of the key policymakers in Kiev are on holiday. Therefore, the timing for this activity is vital to ensure that the process facilitator contacts all the interested members of Solotvyno community.
This initial meeting should be inclusive and ensure representation of all the interested groups. Most importantly, the meeting should be in Solotvyno, not Kiev (capital city) nor Uzhhorod (Transcarpathia regional center). The initial meeting should happen in the study area to enable all the interested parties and the parties who have the power to influence decisions to understand the context and visit the mining area.
Before this first meeting, all open data and open access information that is relevant to the Solotvyno salt mine case will be compiled and made available through an online portal. The data includes information from the previous geological studies carried out by various institutes in Kiev and Lviv [82] . The list of data will include publicly available maps and relevant policy information from the: We will present the information at the start of the implementation process because of two reasons. First, to disseminate available information expressed in the language that a majority of the community understand. Most of this information is scattered, with minimal outreach attempts to the affected population (demand driven information). The Solotvyno community is not aware of the existence of previous research work and risk maps developed for their use [77] . Most of the information is produced to address a particular institutional need or fulfill budgetary or project requirements (supply driven information). This information needs to be repackaged and made accessible for the community in one place. With the click of one button, they would be able to access all information relating to the Solotvyno salt mine which is regarded to be in the public domain (open data, access, science, and education).
Second, we will develop leaflets for the public that identify and explore the critical environmental issues that the Solotvyno public face. The brochure should be neutral. It should scientifically present the facts openly while providing sufficient flexibility for the stakeholders to decide their futures based on the information. At this stage, we will avoid preconceived ideas about the Solotvyno problem and the possible solution, as discussed in . The ImProDiReT project should not be presented as a 'fait accompli,' because it defeats the purpose of developing a joint-decision making platform, where the stakeholders and not external actors, can make the decisions. To avoid presenting a 'fait accompli', step 1 should present a portfolio of all the available and relevant information and a list of issues to stimulate discussions. The importance of the community controlling the decision-making process will be emphasized during the implementation of Step 1.
Discussion and Initial Priorities Setting
The second step is a facilitated meeting to discuss the already concluded risk maps developed in the first phases of the ImProDiReT project and set priorities. Many issues surround the Solotvyno salt mine. There is the: stalled liquidation process; the restoration of the mines; the relocation of 'at high risk' citizens; the weak risk governance system; the land use planning system; the licensing of companies to conduct activities that have an impact on the environment; waste management; salination of the Tisza river and the trans-boundary issues associated with it; the pumping of salt water from the salt lakes; and investment opportunities in Solotvyno to mention a few. Therefore, there is a need to set priorities and arrive at joint agreements on the project focus areas. The risk maps will provide the necessary information to guide the discussions. However, the decisions on what priorities to focus on have to be made jointly with the stakeholders.
The output of step 2 will be an agreement on what to focus on in the ImProDiReT project and also an agreement on how to visualize the community map. Based on the initial map, there will be discussions on what to include and how to include it. In this meeting, the community will have access to both the digital and paper maps. The paper maps will be for the members of the community who are not conversant with the use of the digital maps.
If the community agrees to add more components to the existing risk maps, then the community should agree on how to collectively gather the data to populate the map, during the project period and after project closure. This additional information, not available in GIS maps, is essential for solidifying their positions in preparation for discussions with the decision makers and public authorities. Additional dialogues can center around the data collection protocol, collating the data, and how the data will be analyzed and visualized.
The protocol will take account of the following:
• Establish a balance between robust data collection protocols that require consistency and systematic collection of data to less stringent approaches that other scientists may reject as 'anecdotal' [41] ; • Availability of smartphones and internet connection (internet connectivity in Solotvyno is weak, and there is a need for further analysis of the access to smartphones); • Age dynamics (most of the young people leave Solotvyno for schooling and work and come back during the holidays); • Population dynamics and demographics; • Working hour dynamics (after the closure of the mine the available work is mainly cross-border trade with irregular work hours); and • Integration of the PGIS maps into the official risk map. Assess whether the instruments and methods used to produce the official GIS risk map can also be used for the PGIS maps.
General Risk Perception Mapping
The community-based mapping of risk perceptions is in Step 3. For this step, we will use paper maps. The first action in this step is to distribute the paper maps to all the 300 households in Solotvyno community and inform them of the upcoming risk perception mapping. After that, community volunteers will contact their neighbors and while looking at the map ( Figure 5 ), ask them questions regarding: • Establish a balance between robust data collection protocols that require consistency and systematic collection of data to less stringent approaches that other scientists may reject as 'anecdotal' [41] ; • Availability of smartphones and internet connection (internet connectivity in Solotvyno is weak, and there is a need for further analysis of the access to smartphones); • Age dynamics (most of the young people leave Solotvyno for schooling and work and come back during the holidays); • Population dynamics and demographics; • Working hour dynamics (after the closure of the mine the available work is mainly cross-border trade with irregular work hours); and •
Integration of the PGIS maps into the official risk map. Assess whether the instruments and methods used to produce the official GIS risk map can also be used for the PGIS maps.
The community-based mapping of risk perceptions is in Step 3. For this step, we will use paper maps. The first action in this step is to distribute the paper maps to all the 300 households in Solotvyno community and inform them of the upcoming risk perception mapping. After that, community volunteers will contact their neighbors and while looking at the map ( Figure 5 ), ask them questions regarding: Figure 5 . Images of the Solotvyno Deputy Mayor (left image) and Mayor (right image), explaining their perceptions of risk, while referring to the old Solotvyno paper map. Since there have been many environmental changes around the mines and there is a need to update the current paper map with a more recent paper map before undertaking further Solotvyno community risk perception mapping.
• the history of Solotvyno and the salt mines (for the elderly and the miners); • the memories they have when the town was at the center Solovyno and the successive changes over the years; • the memories they had when the mine was operational and upon its closure; and • the feelings they have about particular places-Mine 7, 8, 9, 10, the river, the mountains, and the recreation center (dangerous, safe, moderately safe, unpleasant).
The volunteers will receive administrative access to an online shared community map where they will be able to digitize the information [41, 93, 94] .
Digitization, Visualization, and Discussion
We will digitize, analyze, and with the use of GIS software, make the available data visual in Step 5. We will discuss with the community whether they would like the data online as open data. Based on previous similar environmental projects, some communities would not wish to share the information until the conclusion of the process, especially if they fear negative repercussions when Figure 5 . Images of the Solotvyno Deputy Mayor (left image) and Mayor (right image), explaining their perceptions of risk, while referring to the old Solotvyno paper map. Since there have been many environmental changes around the mines and there is a need to update the current paper map with a more recent paper map before undertaking further Solotvyno community risk perception mapping.
We will digitize, analyze, and with the use of GIS software, make the available data visual in Step 5. We will discuss with the community whether they would like the data online as open data.
Based on previous similar environmental projects, some communities would not wish to share the information until the conclusion of the process, especially if they fear negative repercussions when the information is available to certain authorities as an early stage of the PGIS [41] . proposes either a password-protected website or localized GIS in circumstances where the community does not wish their information to be shared openly.
Citizen Science (Risk Evaluation, Risk Map Zoning, and Risk Treatment)
Alternatively, we will facilitate perception mapping through the CS platform (step 4). We conducted initial perception mapping in August 2018, through semi-structured interviews. However, at this stage, the risk maps were not concluded. Therefore, the discussions were very general. A key finding of the initial deliberations was that three successful businesses in the recreation center stated that they perceive the recreation area to be extremely safe. The former miners reported that they consider the places above the mines that had sizable chambers to be extremely unsafe and the unexploited regions to be safe [61] . One of the companies that recently received a license to establish a Solotvyno Spa Speleocenter stated that they see many investment opportunities in Solotvyno and the mines can be reclaimed and made profitable [82] . The second stage of the perception mapping is after the conclusion of the risk maps.
Based on the interviews, it emerged that decisions need to be made on relocation, liquidation, risk mitigation, and whether to continue investments in the area. Regarding relocation, the first decision is determining the high-risk zones that require immediate relocation. There is a need to decide whether the community should be compensated or relocated to a safe place. Based on the interviews with the various stakeholders, if relocation is the solution, then the following requirements should be incorporated in the joint decision-making model for relocation:
•
Distance from Solotvyno; • Livelihood and opportunities to exercise their entrepreneurship skills; • Ownership rights to the new property; • Building requirements that reflect the culture-diverse community in Solotvyno; • School and religious institutions that take account of the diversity in the village; • Livable houses with water, electricity, and up-to-standard wiring; • Demographics and age dynamics-old people may not be able and willing to relocate.
Concerning liquidation, the most urgent decisions are expediting the stalled liquidation process and removal of the objects. Urgent decisions are required on treating the high-risk zones to slow down the subsidence process and the quick sealing of the leaking sewerage system.
Regarding investments, there are two main issues to be considered, the current businesses at the recreation center and the future investments in open mining. Decisions on whether these two investment trajectories are sustainable within the current context and in the future need to be made. These decisions include whether to allow businesses to operate and continue to extract the salt water from the salt lakes. If yes, how can this be monitored and controlled? Finally, a strategic decision on whether there is a business case for the three new mining companies that have been issued 20-year licenses and the impact of their planned actions on the geological risk.
We will combine risk perception mapping with a community-based risk evaluation and zoning. Based on the risk maps, the community would evaluate the risks and zone the different areas that require:
1.
Risk avoidance; 2.
Risk mitigation or reduction of the likelihood of the land subsidence and collapse event or its consequences; 3.
Risk transfer to a third party like the Ministry of Agrarian Policy and Food.
4.
Risk acceptance when the government or the responsible authorities have addressed all the adequate controls. However, it is essential to explain to the Solotvyno community that health and safety risks require a higher standard of controls. Risk acceptance is an option if everything possible to reduce the chance of risk occurrence has been done. Before accepting a risk, it is vital to ensure that sufficient controls are in place.
iSOLOTVYNO (Joint Decision-Making Web Tool and Online Map)
This stage is only relevant if the Solotvyno community agrees to share the information online. iSOLOTVYNO will be an online platform where the joint decision-making web tool and the online map can be accessed. The community will update the online risk map. It will form the basis for further deliberations and the subsequent development of a community-based action plan and investment matrix. The decision-making process in iSOLOTVYNO will include, whether to:
1.
Eliminate all geological hazards as much as possible; 2.
If they cannot eliminate, then substitute them with something less hazardous/dangerous; to reduce the risks; 3.
If they cannot substitute, then engineer a solution to protect the community in Solotvyno; 4.
If they cannot engineer a solution, then isolate it-stop people from getting near the high-risk zones; 5.
If they cannot isolate, then administer it through policies and administrative processes on how to manage the hazard. At this stage, the decision-makers will be getting to the dangerous part, where they have to rely on people to protect themselves. Administering risks increases risk exposure and vulnerability. 6.
If they cannot administer, ask the citizens to wear some personal protective equipment (PPE). PPE might not be relevant depending of the nature of the risk.
The six-step design process is iterative and flexible; it is not a simple design process. However, it is responsive to the needs of the community, enabling changes and adaptation to ensure that the final product follows the EU principles of responsible research and innovation. The underlying principle of the methodology is to ensure that the community co-design the PGIS and iSOLOTVYNO and co-determine the process and the products [42] .
Case Studies, Opportunities, and Limitations of the Proposed Methodology
Case Studies
Several case studies have used the proposed methodology. We will describe two such case studies; the first was in London, United Kingdom and the second in Pampulha, Belo Horizonte, Brazil. describe the first case study on noise pollution mapping survey in Pepsy Estate (Lewisham, London) [41] , (pp. [8] [9] . The details of the case study are as follows:
• System Analysis and Problem Identification: Noise pollution (grinding and banging) by a recycling scrapyard within a neighborhood classified to contain 20% of the poorest in England. The scrapyard is located near a residential area with a nursery and a primary school. • Stakeholder Analysis: Residents felt disempowered because their numerous complaints were unanswered. The local government felt disempowered because the scrapyard was a recycling facility which could only be regulated by the Environmental Agency (central government).
•
Step 1: Participatory collection of existing information regarding the issue.
Step 2: Identifying noise pollution as the key priority and an agreement on the kind of data to be collected and a data collection protocol.
Step 3: Perception mapping of the citizen's daily experiences with the noise nuisance.
Step 4: Data gathering using Class 2 Noise Meters in early 2008 (for more than eight weeks) through a comprehensive survey to map the noise pollution. There were more than one thousand individual readings from the area citizens on the dBA sounds and their perceptions of the noise (how it affected them). The data sheets were circulated and filled forms were collected on a weekly basis. Feedback was provided on the quality of the data and the areas that needed improvement. •
Step 5: GIS software was utilized to produce noise pollution maps. The qualitative information on perceptions and the impact of the noise was digitized and visualized using graphs and charts. The noise pollution mapping was grouped under: extremely loud, very loud, and loud. Based on the visualized data, the noise pollution affected the Pepsy Estate residents living up to 350 m from the recycling scrapyard, thus reducing their quality of life. •
Step 6: A public community forum was held where the community presented their findings to the Environmental Agency and the Lewisham Council. The meeting led to further investigations by the Environmental Agency and increased scrapyard regulation to minimize the nuisance. Zyngier et al. (2016) describe the second case study on the use of the Geodesign Hub to map and visualize proposed urbanization and dynamic transformations in Pampulha (UNESCO World Heritage site, Belo Horizonte, Brazil) [95] . The details of the case study are as follows:
• System Analysis and Problem Identification: The need to balance socio-economic needs, urbanization pressures, and environmental conservation and the preservation of a UNESCO World Heritage site due to Oscar Niemeyer's architectural work. • Stakeholder Analysis: Competing socio-economic, cultural, and environmental interests coupled with increased population pressure. The pressure to urbanize the region with counter population, cultural, social, and environmental pressures. •
Step 1: In August 2015, the first iteration meeting consisting of 21 multi-stakeholders from six interest groups was held to introduce the Geodesign architecture for Pampulha and to assess existing information on the area and its needs and dynamics. The meeting also determined the process of conducting the PGIS. The six interest groups were: residents, chamber of commerce, developers, green NGOs, cultural heritage interest groups, and the local public administration.
Step 2: Identifying the territory for the CS. The stakeholders decided that the area would be larger than the restricted zone (Niemeyer UNESCO World Heritage site). The PGIS covers the entire Pampulha Regional Administration. Later, under the 2nd iteration (see Figure 6 ), the citizens prioritized the system variables to be maintained, new variables that need to be introduced, and agreed on the methodology. •
Step 3: In 2015 and 2016 there was a perception mapping by the 21 multi-stakeholders from six interest groups of the results of the 1st iteration through interviews, an online form, and video recording. The perception mapping focused on the customized Geodesign system review. One emerging issue was the introduction of new social variables and the deletion of some previous variables. The feedback received from the interviews was later sent to the design experts.
Step 4: In early 2016, data was collected on citizen opinions on increased occupation of public services, infrastructure, the distribution of socio-economic needs, and the empty spaces that are not occupied.
Step 5: ArcGIS software was utilized to produce land use base maps. The maps were visualized at three levels (representation, process, and evaluation). The exported data was visualized with histograms for 14 systems (Housing; Applied volumetric density; public transport; income; sanitary sewage; schools and health centers; urban dynamism/concentration of new constructions; commerce, industry and facilities; vegetation; surface water; predominantly empty areas; historical, cultural, and natural values; accessibility and capillarity and visual axis).
Step 6: The printed maps were distributed and the different groups provided input on where to densify in the Pampulha Regional Administration. The information was later exported into the digital maps. The group then went through a participatory process with the aim of reaching a consensus on one land use proposal for Pampulha.
participate in GIS mapping and decision-making. Finally, the methodology ensured that citizens could access social/environmental justice. 
Opportunities
The proposed methodology presents an opportunity for "doing science differently,… and helping to redefine what it means to be a scientist" [34] . For Ukraine, the approach presents an A key lesson from the two case studies is the significance of the selected methodology in determining the success of the CS initiative. The methodology may determine whether the stakeholders will reach a consensus or not. In the two case studies, consensus was reached mainly because the stakeholders went through a targeted participatory process containing the three Principle 10 of the Rio Declaration pillars. All the case studies ensured that the citizens had access to the environmental information, then a PGIS and CS platform was created where the citizen could participate in GIS mapping and decision-making. Finally, the methodology ensured that citizens could access social/environmental justice.
The proposed methodology presents an opportunity for "doing science differently, . . . and helping to redefine what it means to be a scientist" [34] . For Ukraine, the approach presents an opportunity to resolve the current risk governance challenge, ensure that the geological risk is well managed and community vulnerability is reduced. The approach also introduces a new governance model where the citizens are at the center of the decision-making.
At the European Union level, the methodology may create the following opportunities:
1.
Stimulation of trans-boundary and cross-sectoral co-creation initiatives; 2.
Development of a European Union co-created and co-creation risk governance programme by benchmarking of successful CS initiatives in DRR; 3.
Create an innovation lab by the full participation of citizens in the post-2020 EU R&I programme to increase demand for EU products and services; 4.
Increase motivation of citizens to participate in CS through involving them in co-design and testing of proposed planned solutions; 5.
Active citizen involvement in monitoring and evaluation; 6.
Inform the use of social media for policy reforms, agenda setting, and provision of real-time recommendations and feedback; and 7.
Encourage citizens to not only provide data but be the users of the data, through evidence-based policy and decision-making with the aim of producing new forms of partnerships (e.g., Projects for Policy (P4P)) [53] , (p. 19 ).
The methodology also provides an opportunity to address the six main CS challenges, as stated in the Introduction. First, the methodology engages the citizens as co-creators, decision makers, monitors, and evaluators, to address the challenge of confining their role to data collection [36] . The citizens determine the requirements for the CS platform and PGIS mapping. After that, the citizens actively engage in data collection through an agreed data collection protocol. Afterward, the citizens use the input to zone the Solotvyno area and determine the high, medium, and low-risk zones. Finally, the citizens actively engage in the decision-making processes, monitoring, and evaluation. The citizens also regularly update the CS system.
The second challenge concerning data quality [43] [44] [45] [46] , will be resolved by developing a data collection protocol with the citizens and EO specialists to ensure that there is a balance between robust data collection and less rigorous approaches. The protocol will incorporate the following considerations: internet and phone availability, population, age, and work dynamics. Most importantly the protocol will ensure that the PGIS maps seamlessly integrate into the official Solotvyno map. The third challenge regarding data incompatibility [47, 48] will be resolved by discussing the technical specifications of the PGIS and CS with the relevant EO scientists to ensure that the PGIS maps can easily integrate into the official Solotvyno map. The system analysis and the agreed data protocol will ensure seamless integration of the PGIS map and data. Facilitating co-creation of the PGIS maps provides an opportunity for increased citizen motivation and engagement [49, 50] . The citizens will provide the requirements for the CS and PGIS, thus increase their motivation, thereby addressing the fifth challenge regarding sustainability issues (citizen retention and participation) [5, 51] . We seek to address the final challenge regarding legal matters related to licensing, privacy, and ethical concerns [52] through the participatory all-inclusive co-creation process. As discussed earlier, the citizens will determine the level of privacy of the databases and other legal issues will be addressed through the participatory process.
Limitations
Notwithstanding the numerous opportunities discussed in Section 5.2, the methodology may face some limitations. Empowering citizens to take their rightful place in EO policymaking processes is challenging. In the case of Solotvyno, we foresee some limitations. First, the methodology proposes a change in the governance system from top-down to bottom-up. Governance changes call for a paradigm shift and a change in the current power distribution and dynamics. The methodology is supported by decentralized systems of governance where the allocation of resources is to the lowest competent governing authority. This change takes time and may involve power struggles between different stakeholders. Therefore, if the CS is perceived as a threat to power and a drastic departure from the status quo, it might not be supported by the powerful and influential stakeholders.
Second, the approach seeks to empower citizens with information and GIS-based tools that enable them to collect consistent data to seek environmental justice. The methodology requires a change in the mental models of both the governed and the government. The citizen mental model needs to shift from entirely disempowered towards using the available political space (no matter how small) to influence policy. On the other hand, the government needs to acknowledge the role of other stakeholders in decision-making. This change process may or may not occur.
Third, the methodology requires cooperation and trust between the various stakeholders. Cooperation can be achieved at the initial stages through power. However, a favorable environment should be created to nurture trust formation. The data collected by the citizens and the EO specialists is ordinarily sensitive information, and some level of trust would facilitate the data sharing process.
At the implementation level, we foresee some limitations as mentioned in the paper. There are too many competing interests and diverse risk perceptions that need to be managed. Also, there are practical challenges related to: internet and smartphone issues, legal issues related to privacy, and sustainability challenges after the project closure. All the foreseeable limitations have already been discussed, and steps have been taken to mitigate the risks and address the limitations.
The adopted methodology will be adjusted through successive iterations to address some of the foreseen limitations and ensure that the project objective is met and the CS platform is sustained long after project closure.
Conclusions
Expert-driven and community-driven approaches need to be integrated to develop holistic and effective DRR strategies. Experts provide domain-specific knowledge about hazards, risks, and their potential impact, along with potential solutions for addressing these issues. On the other hand, communities can provide a continuous stream of information regarding the risks as they evolve and change over time as input to the experts. Communities also play a critical role in the adoption and advocacy on the implementation of DRR measures. While this combination would provide both a comprehensive, in-depth, and broad sustainable approach to DRR strategy development, there are limited methodologies to guide the implementation of the CS approach.
In this paper, we design a methodology of participatory GIS risk mapping and CS for the Solotvyno salt mine in the Transcarpathia region in Ukraine. The methodology consists of three main parts: system analysis; stakeholder analysis; and a six-step methodology for participatory GIS and CS. The six-step methodology is iterative and flexible to allow for changes and improvements.
The initial step is the introduction of the existing information on the Solotvyno salt mine to all the relevant stakeholders during an initial meeting. This information will be collated beforehand and made available online before the initial meeting. The second step is a discussion of the Solotvyno risk maps developed in the first phases of the project with the community and setting priorities. The community at this stage will assess whether the maps are sufficient, additions/revisions needed, who should add/revise it and how. A critical tool that we will develop at this stage is the data collection protocol to ensure consistent and robust data collection in the right mode and taking into account age, population, work hours, and data integration dynamics. The third stage is general risk mapping. In this stage, paper maps will be distributed to all the households and volunteers will visit the households and conduct the risk perception mapping and record the information in a shared online community map. The fourth stage will be the digitization, visualization, and discussion with the community about the data sharing preferences (open or password protected until a particular stage). The fifth stage entails community risk evaluation, risk map zoning, and risk treatment. The community will decide whether to avoid, mitigate, transfer, or accept different risks. The final stage is the design, testing, and final launch of iSOLOTVYNO. iSOLOTVNO is the online joint decision-making tool and map. The iSOLOTVYNO decisions are whether to eliminate, substitute, engineer, isolate, or administer already identified geological hazards.
We will implement the methodology during the project's lifespan of two years (1 March 2018 to 29 February 2020). This paper is an initial publication of the current ongoing research for the ImProDiReT project. Future research will focus on the implementation of the six-step methodology. The research will also be informed by the project-developed risk maps and the ongoing risk awareness processes, within and outside the ImProDiReT project.
